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Global science – why now?



Earthrise, taken on December 24, 1968, by Apollo 8 astronaut William Andres. 

Nature photographer Galen Rowell declared it "the most influential 

environmental photograph ever taken".

Earthrise



“Pale blue dot” Voyager 1 Feb. 14, 1990

From Wikipedia



World population

Wikipedia

Galileo Galilei 1589-92



Global mean surface 

temperature from the 

Temperature 12k database 

using different 

reconstruction methods. 

The  black line is 

instrumental data for 1900–
2010 from the ERA-20C 

reanalysis product. The 

inset displays an enlarged 

view of the past 2000 years. 

Darrell Kaufman et al. Scientific 

Data volume 7, 

Article number: 201 (2020)

The Holocene Epoch – The triumph of man 

The control over carbon emissions by developed countries is probably not the reason for the 

globe’s survival, but the lack of development in less-developed countries is….
Intergovernmental Panel on Climate Change (IPCC). 2014

https://www.nature.com/sdata


https://berkeleyearth.org/dv/10000-years-of-carbon-dioxide/



Interdependence

Reflection, heat content

Melting, sea level rise

Biodiversity

…
….
Banking





• 34 generations to 
make 

• our population

• 34 x 25 = 850 years
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How simple it is

Science made it possible



Reactions that changed the world

1. 6CO2 + 6H2O --> C6H12O6 + 6O2

2. H2 + 3 H2 --> 2NH3 220 million tons a year

3. NH3 + CO2  NH2-CO-NH2 + H2O >180 million tons 2022

4. CH4 + O2  CO2 + H2O

5. nC2H4  -(CH2)n- polyethylene >130 million tons 2022

6. Polymerase chain reaction

7. Electrochemistry



Molecules that changed the world

Aspirin, urea, morphine, strychnine, penicillin, vitamin B12, Taxol, and 

quinine

Molecules that destroyed the world

CFCs, DDT, Agent orange - 2,4-dichlorophenoxyacetic acid (2,4-D) and 

2,4,5-trichlorophenoxyacetic acid (2,4,5-T), endosulfan, thalidomide,…



A table for the world

63 elements in 1869 to Oganesson in 2002



Molecules – Diseases and their cure
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STM image of a “quantum corral” (courtesy IBM Research Division).

Instrumentation

D. W. Eigler, et. Al. Science, 262(5131), 218-220.
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3D Structure of Individual Nanocrystals in Solution by

Electron Microscopy. Park, J. et al., Science 2015, 349,

290-295

Baek, D. J. et al., Microsc.Microanal. 2018, 24, 454−455

Nature and evolution of incommensurate charge order in

manganites visualized with cryogenic scanning

transmission electron microscopy. Baggari, I. E. et al., Proc.

Natl. Acad. Sci. 2018, 115, 1445−1450.

Seeing atoms, molecules and assemblies



From https://www.simplilearn.com/what-is-internet-article

https://www.............



From WHO

Nature, engineering, life…. 



We opened the cycle
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Water + Carbon dioxide Sugar + Oxygen

258 billion 

tons of CO2

29 billion 

tons of CO2

31 billion ton of H2O

needed for our people 

105 billion

tons of H2O
4.5. trillion m3



Planetary boundaries

https://globaia.org/planetary-boundaries

Our restriction – confined space



https://blog.gale.com/cele

brating-the-periodic-table/

Biological complexity is built with just a few elements



We developed environmentally friendly water positive nanoscale materials for  affordable, sustainable and rapid removal of arsen

from drinking water.

There are over 1700 community installations across the country, serving 1.3 million people with arsenic and iron-free water every
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M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.
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A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
Safety of spent media, TCLP

Range of materials, their affordability and safety
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ACS Sustainable Chemistry  & Engineering Editorial, 

December 2016

Clean water for everyone



Our Presence

Expanding the reach



Image from: https://delta2020.com/blog/203-our-shrinking-world

Where can we invest our time and effort?
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CO2  C1  Cn  CO2 



Our dreams become reality with materials

H2O       H2O

Clean water

Energy

Affordable, inclusive, sustainable and contextual excellence   



Water quality measurement – In the pipeline

Sensors and new opportunities



Health

H.Y.Y. Nyein, et. Al., ACS Sens. 2018, 3, 944−952 29
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Arsenic detection at 1 ppb in the field!

Sourav Kanti Jana
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Working electrode

Anagha Jose et al. 2023



E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079. 

Arsenic poisoning across the world
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Food

Author’s laboratory
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The AMRIT Team, 2013



Water team at IIT: A. Sreekumaran Nair, Anshup, M. Udhaya

Sankar, Amrita Chaudhary, Renjis T. Tom, T. S. Sreeprasad,

Udayabhaskararao Thumu, M. S. Bootharaju, K. R. Krishnadas,

Kalamesh Chaudhari, Soujit Sengupta, Depanjan Sarkar, Avijit

Baidya, Swathy Jakka Ravindran, Abhijit Nag, S. Vidhya,

Biswajit Mondal, Krishnan Swaminathan, Azhardin Gnayee,

Sudhakar Chennu, A. Suganya, Rabiul Islam, Sritama

Mukherjee, Tanvi Gupte, Jenifer Shantha Kumar, A. Anil Kumar,

Ankit Nagar, Ramesh Kumar Soni, Tanmayaa Nayak, Sonali

Seth, Shihabudheen M. Maliyekkal, G. Velmurugan, Wakeel

Ahmed Dar, Ganapati Natarajan, N. Pugazhenthiran, A.

Leelavathi, Sahaja Aigal, S.Gayathri, Bibhuti Bhusan Rath,

Ananthu Mahendranath, Harsh Dave, Erik Mobegi, Egor Moses,

Hemanta R. Naik, Sourav Kanti Jana,...

Avula Anil Kumar, Chennu Sudhakar, Sritama Mukherjee, 

Anshup, and Mohan Udhaya Sankar

Funding: Department of Science and Technology, Government 

of India

Start-ups and partners:

PhD Theses: Bindhu Varughese, M. R. Resmi, M.

Venkataramanan, N. Sandhyarani, R. Selvan, A.

Sreekumaran Nair, M. J. Rosemary, Renjis T. Tom, C.

Subramaniam, Jobin Cyriac, V. R. Rajeev Kumar, D. M.

David Jeba Singh, Akshaya Kumar Samal, E. S. Shibu, M.

A. Habeeb Muhammed, P. R. Sajanlal, T. S. Sreeprasad, J.

Purushothaman, T. Udayabhaskararao, M. S. Bootharaju,

Soumabha Bag, Robin John, Kamalesh Chaudhari, Ammu

Mathew, Indranath Chakraborty, Radha Gobinda Bhuin,

Ananya Baksi, Amitava Srimony, Anirban Som, Rabin Rajan

Methikkalam, K. R. Krishnadas, Soujit Sengupta, Depanjan

Sarkar, Atanu Ghosh, Rahul Narayanan, Avijit Baidya,

Shridevi Bhat, Papri Chakraborty, Swathy Jakka Ravindran,

C. K. Manju, Abhijit Nag, S. Vidhya, Jyoti Sarita Mohanty,

Debasmita Ghosh, Jyotirmoy Ghosh, Md. Bodiuzzaman,

Biswajit Mondal, Tripti Ahuja, Esma Khatun, Krishnan

Swaminathan, K. S. Sugi, Amrita Chakraborty, Sudhakar

Chennu, Sritama Mukherjee, Madhuri Jash, Sandeep Bose,

Md. Rabiul Islam, Pallab Basuri, Mohd Azhardin Ganayee,

Tanvi Gupte

>25 Post-doctoral fellows, >130 masters students and

visitors



Indian Institute of Technology Madras

Bhaskar Ramamurthi/V. Kamakoti

Thank you all
pradeep@iitm.ac.in

https://pradeepresearch.org/
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